The use of a urinary bladder catheter in the perioperative period for patients undergoing total knee arthroplasty is controversial. In the current study, two bladder management protocols were studied. One group of patients had an indwelling catheter inserted into the bladder before total knee arthroplasty. The other group of patients was observed and treated for urinary retention as necessary. From 1993 to 1998, 652 patients undergoing primary, unilateral total knee arthroplasty were randomized by surgeon into two groups: one group underwent preoperative insertion of an indwelling bladder catheter (306 patients), and one group (346 patients) had a catheter inserted postoperatively as necessary. Sixty-six percent (229 of 346) of these patients required catheterization (203 had indwelling catheters and 26 had intermittent straight catheters). A urinary tract infection developed in five patients (1.6%) in whom a catheter was inserted preoperatively. A urinary tract infection developed in six patients (1.7%) in whom a catheter was inserted if necessary. Five of these urinary tract infections developed in patients with delayed indwelling bladder catheters. A urinary tract infection did not develop in any patient in whom a straight catheter was inserted. There was no significant difference in the length of stay in the hospital between the two groups. The group in whom a catheter always was inserted generated $491 greater cost for total knee arthroplasty than patients in whom a catheter was inserted if necessary.
The use of a urinary bladder catheter in the perioperative period for patients undergoing total knee arthroplasty is controversial. In the current study, two bladder management protocols were studied. One group of patients had an indwelling catheter inserted into the bladder before total knee arthroplasty. The other group of patients was observed and treated for urinary retention as necessary. From 1993 to 1998, 652 patients undergoing primary, unilateral total knee arthroplasty were randomized by surgeon into two groups: one group underwent preoperative insertion of an indwelling bladder catheter (306 patients), and one group (346 patients) had a catheter inserted postoperatively as necessary. Sixty-six percent (229 of 346) of these patients required catheterization (203 had indwelling catheters and 26 had intermittent straight catheters). A urinary tract infection developed in five patients (1.6%) in whom a catheter was inserted preoperatively. A urinary tract infection developed in six patients (1.7%) in whom a catheter was inserted if necessary. Five of these urinary tract infections developed in patients with delayed indwelling bladder catheters. A urinary tract infection did not develop in any patient in whom a straight catheter was inserted. There was no significant difference in the length of stay in the hospital between the two groups. The group in whom a catheter always was inserted generated $491 greater cost for total knee arthroplasty than patients in whom a catheter was inserted if necessary.
The role of bladder catheterization in patients undergoing total knee arthroplasty has not been defined clearly. Urinary retention can lead to urinary tract infection and subsequent implant infection through hematogenous spread. 13 Urethral instrumentation to relieve recalcitrant urinary retention also can lead to implant infection. 13 Urinary retention can be avoided by the introduction of an indwelling bladder catheter. However, an increased risk of urinary tract infection has been seen with indwelling bladder catheterization for periods of more than 48 hours. 8, 12 Intermittent bladder catheter protocols using a straight catheter have been developed, with reports of similar rates of urinary tract infection but increased demands on nursing time and resources. 7, 9 At the time of total knee arthroplasty, patients have been treated with several protocols: (1) preoperative insertion of an indwelling bladder catheter for 24 to 48 hours postoperatively; (2) scheduled intermittent straight catheterization for 24 to 48 hours postoperatively; and (3) observation with subsequent catheterization (either indwelling or straight intermittent) for urinary retention. A randomized study of Michelson et al 9 comparing 24-hour indwelling bladder catheterization and intermittent straight catheterization in patients undergoing total joint arthroplasty showed that the risk of urinary tract infection was not significantly different, but urinary retention was higher in patients who underwent straight intermittent catheterization. A later study by Knight and Pellegrini 7 confirmed this finding and emphasized that indwelling bladder catheterization was more effective in preventing urinary retention in a group of patients undergoing total joint arthroplasty who had either insertion of an epidural catheter for 48 hours or patient-controlled analgesia after general anesthesia. Cost analysis for this study involved a calculation of increased nursing time associated with a protocol of every 6-hour intermittent straight catheterization. The authors concluded that the indwelling bladder catheter protocol was more cost effective. However, the methodology used fixed nursing costs in the calculation that are not true additional costs of the protocol.
Previous reports 1,5 concerning perioperative bladder management in patients undergoing total joint arthroplasty have not confirmed the benefit of immediate postoperative straight bladder catheterization. Perioperative systemic diseases and urologic symptoms have not been correlated with the occurrence of postoperative urinary retention or bladder distention. 10 No previous studies have reported solely on the perioperative bladder management of patients undergoing total knee arthroplasty.
In the current study, a group of patients undergoing total knee arthroplasty and preoperative insertion of a bladder catheter was compared with an observation group of patients who were catheterized postoperatively on an as needed basis for urinary retention when symptoms developed. The purpose of this study was to determine which method minimized complications and maximized cost effectiveness.
MATERIALS AND METHODS
From 1993 to 1998, 652 patients undergoing unilateral total knee arthroplasty were randomized by surgeon into two groups: one group (306 patients) underwent preoperative insertion of an indwelling bladder catheter for 24 hours, and one group (346) had insertion of a catheter on an as needed basis only if symptoms of urinary retention developed. All complications were recorded in a total knee arthroplasty database. 6 Chart review and morbidity and mortality reports were reviewed to confirm the validity of the data.
All patients were treated according to a strict clinical pathway that was adhered to by the three participating surgeons and was similar in structure to the hip arthroplasty clinical pathway that is used at the authors' institution. 3 Patients received either regional (epidural or spinal) or general anesthesia. No indwelling epidural catheters were used postoperatively. Control of pain was generally 24 hours of intramuscularly administered narcotics followed by oral medications.
Age, gender, Charnley class, 2 type of anesthesia, subsequent catheterization, urinary tract infections, length of stay, and hospital cost data were recorded. Actual catheter costs, operating room time, and average daily costs were calculated for each group. Actual hospital costs were calculated using an accounting system developed by TSI, Inc (Cambridge, MA). Student's t test was used for continuous variable analysis. Chi square analysis was used to evaluate categorical variables. The authors considered p Յ .05 to be statistically significant.
RESULTS
There were 143 men (46.7%) and 163 women (53.3%) who received urinary indwelling catheters preoperatively. There were 162 men (46.8%) and 184 women (53.2%) who received catheters as necessary. The average age of patients in whom an indwelling bladder catheter was inserted preoperatively was 67.8 years (range, 29-92 years), and the average age of the patients in whom a catheter was inserted as necessary was 66.8 years (range, 26-92 years). There was no statistical difference in age or gender between the two groups. Charnley classification of patients in whom an indwelling catheter was inserted preoperatively was A (54%), B (32%), and C (14%). Charnley classification of patients in whom a catheter was inserted as necessary was A (49%), B (29%), and C (22%).
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Of the 306 patients in whom an indwelling bladder catheter was inserted preoperatively, urinary tract symptoms developed in six (1.96%) patients after removal of the indwelling bladder catheter at 24 hours after operation. Of these six patients, the indwelling bladder catheter was reintroduced in five patients, and straight intermittent catheterization was required in one.
Urinary tract retention for which the patient required bladder catheterization developed in 229 (67%) of the 346 patients who received a catheter as necessary. An indwelling bladder catheter was inserted in 203 (88.6%) of these 229 patients. Intermittent straight catheterization was necessary in 26 (11.4%) of these 229 patients.
Patients receiving regional anesthesia comprised 55% of the patients in whom an indwelling bladder catheter was inserted preoperatively and 65% of patients in whom a catheter was inserted as necessary. There was no difference in the incidence of urinary tract infections (spinal or epidural, 1.6%; general, 2%) or symptoms of urinary retention (spinal or epidural, 62%; general, 38%) when the groups were adjusted for type of anesthesia.
Urinary tract infections developed in five of 306 (1.6%) patients in whom an indwelling catheter was inserted preoperatively. All of these urinary tract infections developed in patients who did not require subsequent reinsertion of a catheter. Urinary tract infections developed in six of 346 (1.7%) patients in whom a catheter was inserted as necessary. Five of these infections developed in the group of 229 patients who had subsequent indwelling bladder catheterization for symptoms of urinary retention. A urinary tract infection developed in one of 117 patients (.9%) in whom a catheter was inserted as necessary, who had not undergone any catheterizations, and who did not have urinary retention. No patient from either group who underwent straight intermittent catheterization for symptoms of urinary retention had a urinary tract infection (observation, 0 of 26; universal indwelling bladder catheterization, 0 of one). There was no statistically significant difference in the occurrence of urinary tract infection between the two groups.
Length of stay in the hospital among patients in the two groups was not statistically different: 4.29 days for patients in whom a catheter was inserted as necessary and 4.56 days for patients in whom an indwelling catheter was inserted. Hospital costs were statistically different between the two groups (p Ͻ.0001). The average total hospital cost for patients in whom a catheter was inserted as necessary was $8581. The average total hospital cost for patients in whom an indwelling bladder catheter was inserted was $9071. The average difference between the two groups was $491 per patient. This difference was not totally attributable to the difference in bladder catheterization protocols between the two groups.
The cost of an indwelling bladder catheter kit in the authors' hospital is $4.78. The cost of a urimeter is $6.88 whereas the cost of a straight intermittent catheterization kit is $1.85. Nursing care is a fixed cost between the two groups so that a cost analysis, which includes nursing time involved with catheterization protocols, would be inaccurate. Operating room time, however, is a variable cost that must be considered in a cost analysis. Any additional operating room time spent can accrue additional hospital costs. In the authors' institution, operating room time is valued at $13.00 per minute. At an average of 5 minutes per preoperative insertion of an indwelling catheter, $65 per patient is lost. Because 66% of all patients in whom a catheter was inserted as necessary received some form of subsequent catheterization, only $3.36 per patient actually was saved by not using the catheter kit in this group. The majority of cost savings derived from the decreased time in the operating room and the decreased length of stay. After the first hospital day, average cost per day (hospital Days 2-5) at the authors' institution equals $639.75 per day. 4 Therefore, the combination of operating room time ($65), catheter ($3.36), and length of stay differential (.27 days ϫ $639.75/day ϭ $172.73) equals $241.09 of the $491 difference in hospital cost between the two groups. The $149.91 differential mainly can be Clinical Orthopaedics attributed to a difference in cement technique among the authors. For patients in whom an indwelling catheter was inserted preoperatively, two separate polymethylmethacrylate mixing kits and 1 ⁄ 2 batch more of polymethylmethacrylate were used for patients in whom a catheter was inserted as necessary.
DISCUSSION
To the authors' knowledge, this is the first study to report solely on bladder management in patients undergoing total knee arthroplasty. This study indicates that a protocol for shortterm indwelling bladder catheterization and a catheter as necessary protocol for management of the bladder in patients undergoing total knee arthroplasty can be safe and successful. A previous study 10 confirmed that when indwelling catheters are used, the duration of insertion should not exceed 24 to 48 hours to avoid urinary tract infections. In the setting of general anesthesia and patient-controlled analgesia, an indwelling catheter facilitates the return of normal bladder function postoperatively. 7 The use of prazosin has been shown to decrease the incidence of urinary retention in men after total joint arthroplasty. 11 In the current study, the incidence of urinary tract infections was not statistically different when patients in whom a catheter was inserted as necessary were compared with patients in whom an indwelling bladder catheter was inserted preoperatively. Although 67% (229 of 306) of the patients in whom a catheter was inserted as necessary had urinary retention and required subsequent catheterization, there was no increase in the incidence of urinary tract infections. Patients who underwent intermittent straight catheterization for urinary retention did not have a urinary tract infection (0 of 26) whereas five of 203 (2.5%) had urinary tract infections after insertion of an indwelling catheter. The overall incidence of urinary tract infections in patients undergoing total knee arthroplasty was 1.69% when both groups were combined. Based on the incidence of urinary tract infections, there is no difference between the two protocols for patients undergoing total knee arthroplasty, which confirms previous reports 7, 9 in the literature based on mixed populations of patients undergoing total joint arthroplasty. However, it is the authors' recommendation that for patients in whom urinary retention develops postoperatively, straight intermittent catheterization should be used to avoid urinary tract infections.
Hospital cost data favor the use of the observation protocol. Four hundred ninety-one dollars were saved per patient when patients undergoing total knee arthroplasty entered into the observation protocol. One third of patients in whom a catheter was inserted as necessary never required catheterization. If catheterization is avoided, a urinary tract infection developed in only one of 117 (.9%) patients. These patients are mobilized easier and leave the hospital sooner, thus minimizing hospital cost.
Routine preoperative insertion of a catheter into the urinary bladder may not be warranted in patients undergoing total knee arthroplasty. It is more cost effective to observe patients for urinary retention and then insert a catheter. If subsequent catheterization is necessary, intermittent straight catheterization should be considered to avoid urinary tract infections.
